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Clinical Chemistry urine specimen. One minute later the strip is observed for the appearance of a blue color which indicates the presence of glucose. The enzyme glucose oxidase was first identified by Muller (1) approximately 30 years ago. In the presence of oxygen the enzyme catalyzes the oxidation of glucose to gluconic acid and hydrogen peroxide.
In the absence of oxygen the reaction of glucose and glucose oxidase may utilize certain organic compounds as hydrogen acceptors.
In the glucose oxidase test the hydrogen peroxide formed reacts with orthotolidine, the reaction being catalyzed by a second enzyme-peroxidase. This reaction results in the development of a deep blue color.
EXPERIMENTAL
The glucose oxidase test is very sensitive for the detection of glucose. Less than 0.01% glucose in water will give a positive reaction. Somewhat greater amounts of glucose in urine are required for a positive reaction, with 0.01% usually being negative and 0.1% glucose in urine giving a positive reaction.
As with most other urine qualitative tests, the precise sensitivity depends somewhat on the nature of the sample. Glucose oxidase has been studied for the specificity of its reaction with glucose. Keilin and Hartree (3) reported that the enzyme had a high specificity for glucose but would react slowly with mannose, xylose, the oxidation of fl-n-glucose but has no effect on the oxidation of a-n-glucose.
A freshly prepared solution of crystalline glucose contains only the alpha form and is essentially nonreactive with the glucose oxidase test. However, in solution an equilibrium mixture between the alpha and beta forms is readily established and within a few minutes reactivity with the glucose oxidase test appears, demonstrating the presence of fl-n-glucose. In blood and urine containing glucose the equilibrium mixture of alpha and beta glucose is present so there is no problem of delayed reactivity, since fl-n-glucose is available for immediate reaction with the enzyme.
In the treatment of diabetes, some clinicians regulate insulin dosage on the basis of the amount of sugar in the urine. For this reason quantitation of the amount of sugar in the urine is important.
There are several factors which influence the amount of color in an enzyme test such as the glucose oxidase test. In addition to the effect produced by the sugar concentration the color is influenced by pH, temperature, and the concentration of antagonistic substances such as ascorbic acid. Accordingly, it has not been possible to quantitate the amount of glucose in urine. It is quite easy to demonstrate that with different amounts of sugar added to a given urine different colors are obtained. However, the variability of the urine and the inability of average operators to recognize small color differences makes it impossible to do little more than differentiate between small and large amounts of glucose in urine. test but only 19 of these urines also gave a positive reaction with the glucose oxidase test. As with urines from healthy subjects the application of confirmatory tests to urines giving a trace reaction with Benedict's and a negative reaction with the glucose oxidase test showed that the reducing substance in these samples was not glucose. Fourteen of the urine samples were 1+ or more with Benedict's test but were negative with the glucose oxidase test. Two of these urines contained over 0.3% ascorbic acid which was a sufficient quantity to account for the positive test. In addition, among these urines were samples containing galactose, lactose, and fructose. There were 36 urine samples that gave positive reactions with the glucose oxidase test and negative reactions with Benedict's test. In these cases the amount of glucose present was quite small and not sufficient to give a positive Benedict's test. In these urines glucose was demonstrated by fermentation with baker's yeast with subsequent disappearance of the positive glucose oxidase test reaction and decrease in total Nelson-Somogyi reducing substance.
RESULTS

Evaluation
In order to assess the performance of the glucose oxidase test, samples of urine with or without added glucose were tested as unknowns by trained and untrained operators. Each day a few urines which gave negative reactions with the tablet copper reduction test and the glucose oxidase test were chosen. To each urine small amounts of concentrated aqueous glucose solutions were added to give several concentrations of glucose ranging from 0.1% to 4%. The samples were coded and given as unknowns to from one to five operators. Each operator tested each sample with the glucose oxidase test and recorded his result. Some rotation of operators occurred on different days so that every unknown was not tested by each operator. A separate trained operator tested each sample with the tablet copper reduction test. Results of the comparison of the copper reduction with the enzyme test are shown in Table 4 . It is evident that the two tests have comparable accuracy with negative urines. The 2 per cent error with the glucose oxidase test and 1% error with the tablet copper reduction test on the negative urines was due to the operator's obtaining trace reactions on urines which had been classified as negative. With amounts of added glucose between 0.1% and 0.25% the tablet copper reduction test was positive 82 per cent of the time. This figure depends on the exact amount of glucose added as well as on the specific urine to which it is added. The glucose oxidase test was positive 97 per cent of the time with amounts of added glucose between 0.1% and 0.25%. This demonstrates the high sensitivity of the glucose oxidase test. With amounts of added glucose of from 0.35% to 0.85% the glucose oxidase test was positive in 99 per cent of the cases. The 1 per cent of samples giving negative results had extremely high concentrations of ascorbic acid.
DISCUSSION
From the results of these studies it is apparent that the glucose oxidase test is a simple, accurate, specific, sensitive test for urine glucose. It has potential usefulness in diabetes detection screening programs, in routine urinalyses in hospitals and physicians' offices, in the differential diagnosis of diabetic coma from insulin shock or other coma, in regular urine testing on known diabetics by both patients and physician, and in the differentiation of glucosuria from other meliturias.
